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ABSTRACT

The preliminary Palmer Drought Severity Index (PDSI) is calculated and disseminated operationally by the
National Oceanic and Atmospheric Administration/United States Department of Agriculture’s (NOAA/USDA)
joint agricultural weather facility. On an operational basis, this index is more aptly described as the Palmer
Hydrological Drought Index (PHDI) in order to differentiate it from its hindcast value, the PDSI. Using the
PHDI the approximate precipitation required to ameliorate or terminate any ongoing drought was calculated
across the United States for various prescribed periods, i.e., 1, 2, 3, and 6 months. The climatological probability
of receiving at least the needed precipitation was calculated using the gamma distribution. The probability
calculations indicate that in many portions of the country it is quite unlikely that serious drought can be
terminated in a single season or even in two seasons. Furthermore, due to the varying climatologies across the
country, the probability of ending or ameliorating a drought varies both spatially and temporally in a systematic
manner across the United States. The annual precipitation cycle and the probability of receiving substantial
excess precipitation above normal (the skewness of the precipitation distribution) are two important characteristics
of drought termination and amelioration in the Palmer Drought Model.

1. Introduction

One of the most frequently used drought indices in
the United States is the Palmer Drought Severity Index
(PDSI), Palmer (1965). The index has been used in
countless research studies (e.g., Karl and Young, 1986;
Karl, 1986b; Stahle et al., 1985; Alley, 1985; Karl, 1983;
Diaz, 1983; Karl and Koscielny, 1982; Karl and
Quayle, 1981; Rosenberg et al., 1980; Rosenberg,
1978a,b; Mitchell et al., 1979; Klugman, 1978; Haines
et al., 1976; Skaggs, 1975). It has also been used on an
operational basis to assess the severity of droughts and
wet spells across the United States. The National
Weather Service (NWS) transmits its operational ver-
sion of the PHDI over the national facsimile circuits
twice monthly, and it is made available and updated
weekly, year round, on the NWS’s Automated Field
Operations System (AFOS). A number of users of the
index have reported the index as a useful tool to mon-
itor ongoing droughts (U.S. Department of Commerce,
1981). Furthermore, recent analyses (Karl, 1986b;
Whittemore et al., 1986; McGregor, 1985; McGregor
et al., 1986; Stahle et al., 1985; Karl and Young, 1986;
Alley, 1984, 1985; Karl, 1983; Karl and Quayle, 1981)
have also demonstrated that, despite several assump-
tions used in the water balance calculations and the
empirical nature of some of the standardizing coefh-
cients, the PDSI or the PHDI can be, if used appro-
priately, a useful tool for both research and real-time
drought assessments.

The purpose of this study is twofold. First, its purpose

is to provide users of the PHDI during severe drought
conditions some quantitative measure of the clima-
tological probability that any ongoing drought can be
terminated or ameliorated over some prescribed period.
Second, several characteristics of drought climatology
across the United States are identified, aiding our un-
derstanding of the behavior of droughts in this country.

Despite the fact that other articles (Karl, 1983; Karl,
1986a; Alley, 1984, 1985) have pointed out the differ-
ence between the PHDI, PDSI, and the operational
version of the PDSI, a few additional words are per-
tinent. The differences between the PHDI and the PDSI
occur near the end of a drought (or wet spell). The
PDSI abruptly returns to near-normal levels (—0.5 or
larger) during the first month in a sequence of months
with sufficient moisture to end a drought, but the PHDI
is usually more gradual in its return to near-normal
levels. The PHDI changes to a new spell only when
the moisture needs associated with recharge, demand,
and runoff have been brought back to normal or above
normal, i.e., the /ast month in a sequence of months
with sufficient moisture to end a drought. The opera-
tional PDSI as calculated by the NWS must necessarily
operate similarly to the PHDI. This is because without
prior knowledge of subsequent weather i is impossible
to know whether a wet single month, or a few wetter-
than-normal months, will be the beginning of a new
spell of wet or near-normal weather with sufficient
moisture to terminate an ongoing drought, or whether
they are just a temporary respite in a longer sequence
of dry months ahead.
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2. The precipitation required to end a drought

The assumptions, strengths, weaknesses, and limi-
tations of the Palmer Drought Model (PDM) have been
the topics of a series of recent studies by Alley (1984,
1985) and Karl (1983; 1986a,b). These papers describe
various aspects of the PDM as originally conceived by
Palmer (1965). These publications contain numerous
details regarding the PDM calculation procedures and
will not be repeated. Instead, one specific area of the
PDM calculations will be elaborated upon, namely,
the calculations which directly pertain to the precipi-
tation required to end or ameliorate a drought. In a
spell of dry weather the PDSI is defined by

PDSI;=0.897 PDSI,_, +(Z,/3) (1)

where [ is the month of interest and Z is the “moisture
anomaly index” or simply the Z-index. The Z-index
is given by

Zy= B pi)Ki (2)

where P is the observed precipitation, P the climato-
logically appropriate precipitation for existing condi-
tions (CAFEC), and K a standardization constant. The
value of P can be obtained by

P.= o,PE; + BPR; +v,PRO;— 6,PL;, (3)

where PE is the potential evapotranspiration, PR the
potential recharge of soil moisture, PRO the potential
runoff and PL the potential moisture loss from the soil.
The parameters «, 8, v, and 6 are defined over some
calibration period by the following:

a=(ET)/(PE) (4)
8=(R)/(PR) (5)
y = (RO)/(PRO) (6)
8= (L)/(PL) (7)

where ET is the evapotranspiration, R the recharge,
RO the runoff, and L the soil moisture loss. The overbar
denotes mean conditions. Recent articles by Karl
(1983), Alley (1984), and Karl (1986) discuss the cal-
culation of the index itself and its sensitivity to several

TABLE 1. Classes for wet and dry periods (from Karl, 1986a).

Approximate
cumulative
frequency
(%) Category PDSI or PHDI
=96 Extreme wetness =>4.00
90-95 Severe wetness 3.00to 3.99
73-89 Mild to moderate wetness 1.50to 2.99
28-72 Near normal —1.49t0 1.49
11-27 Mild to moderate drought —1.50 to —2.99
5-10 Severe drought —3.00 to —3.99
<4 Extreme drought <-4.00
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TABLE 2. The smallest Z-index (Z,) required to end droughts
of various intensities over various time periods.

No. of months

PHDI 1 2 3 6
=2 3.88 1.75 1.06 0.34
-3 6.57 3.03 1.86 0.69
—4 9.26 4.30 2.66 1.02
-5 11.96 5.57 3.47 1.36
-6 14.64 6.85 4.27 1.69

issues of interest, i.e., calibration period, evapotran-
spiration estimates, runoffs, etc.

By definition, when the PDSI = —0.5, any existing
drought is assumed to have ended. Table 1 (Karl,
1986a) contains some qualitative and quantitative de-
scriptions of various magnitudes of the PDSI, Z-index
and PHDI based on data across the United States dur-
ing the years 1931-84. As a special case, when PDSI;
in (1) is set equal to —0.5, Z will be referred to as the
Z-index needed to end the drought, Z,. In order to
calculate the precipitation required to change the PDSI
from any given level of drought in month i — 1 to —0.5
in month i, the first step required is to rewrite (1) as

Z,=—1.50—2.6910PDSI;_;. 8

Likewise, the Z-index required to ameliorate an existing
drought, with PDSI less than —2, to PDSI; equal to —2
will be referred to as Z,, the Z-index required to ame-
liorate an existing drought. By setting PDSI; in (1) to
—2, the one-month value of Z, required to ameliorate
the drought in month i is given by

Z,=-6.00—2.6910PDSI,_,. 9

It is possible to solve (8) and (9) for various values
of PDSI,_, . These results are given in column 1 of Ta-
bles 2 and 3. In addition, the minimum value of Z
required to end or ameliorate a drought can be cal-
culated over periods longer than a month by solving a
set of simultaneous equations for Z, or Z,, whereby
the PDSI at time { — 2, i — 3, etc., is expressed in terms
of the PDSI for the previous month. For example,

PDSI; =0.897 PDSI,_, + Z./3 (10)

TABLE 3. The smallest Z-index (Z,) required to ameliorate a
drought to a —2 intensity over various time periods.

No. of months

PHDI 1 2 3 6
-2 -0.62 —0.62 —-0.62 —0.62
-3 2.07 0.65 0.18 —0.28
—4 4.76 1.93 0.98 0.05
-5 7.46 3.20 1.79 0.39
—6 10.15 4.47 2.59 0.72
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PDSI;_; =0.897 PDSI;_, + Z./3 (11)
where PDSI; = —0.5. In (10) and (11), Z, could be
substituted for Z, if PDSI; = —2. The results of solving
for Z,and Z, for various sets of simultaneous equations
lead to the values given in Tables 2 and 3 for 2, 3 and
6-month ending and amelioration times of droughts
of various intensities.

Equation (2) can be rewritten as

P,=(Z/K)+P; (12)

in order to calculate the precipitation needed to end
or ameliorate a drought. Since Z; is given by Tables 2
and 3 and X is known for each month (cf. Karl, 1983;
Alley, 1984; Palmer, 1965), the only remaining variable
to be a551gned a value in order to calculate P; is P.

From (3) it is apparent that P; cannot be calculated
until the end of a month, so it would appear that the
determination of P; is not possible until after the value
of PE; and PL,; are calculated. The PL; is a function of
PE,;, and of course PE; cannot be calculated until the
month has ended (Palmer, 1965). Additionally, there
are many potential combinations of PL;, PE;, PRO;,
and PR, that are poss1ble An effective solution to this
apparent dilemma is to regress the values of P; that
have been historically observed against the PDSI;_, for
each month during droughts. Such linear regressions
were calculated each month for 344 climate divisions
in the United States, using data spanning the years
1931-84. The results from two drastically different cli-
mates are depicted in Fig. 1. In dry climates P is con-
siderably lower than in wet climates, as indicated in
Fig. 1. Generally, when the soil moisture supply has
high variability, as during summertime conditions in
northern Alabama and wintertime conditions in
southern California, P will increase as the PHDI de-
creases. When the index’s soil moisture supply has little
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year-to-year variability, as in the winters in northern
Alabama or the summer of southern California, the P
does not change with respect to the intensity of the
drought. This property is attributed to the fact that in
(3), three of the four terms are related either directly
or indirectly to soil moisture supply.

The strength and significance of the relationships
developed between the PHDI at the end of the month
and the P for the subsequent month are underestimated
by the correlation coefficients of the data used to derive
the lines of best fit between individual monthly values
of P;and PHDI, , as depicted in Fig. 1. This is because
P, as shown in Fig. 1, is also a function of the time of
year, as well as the actual value of the PHDI. For ex-
ample, despite the fact the correlation between the
PHDI and P during August in Alabama is only —0.35,
much of the important variance of P is captured by
categorizing the relationships by month. In northern
Alabama, over 78% of the variance of P; is explained
by PHDI,_, in this regard. When viewed in terms of
the annual cycle of P, the PHDI,_, generally explains
most of the variance of P,. For the 344 climate divisions
tested, one-third had over 90% of the variance of P
explained by equations such as those in Fig. 1, while
only 3 of 344 climate divisions had less than the 50%
of the variance of P; explained by the value of PHDI,_;.

Once a relationship has been established between
the value of the PDSI (or PHDI) at the end of a month
and P for the subsequent month for each climate di-
vision, then the solution to (12) can proceed. In the
calculation of P; from (12) the values of K; usually range
from just over 0.5 in wet climates to nearly 3.5 in dry
climates. It is apparent that during severe droughts, the
first term of (12), (Z/K;), dominates the magnitude of
P; for short recovery or amelioration times, but as the
drought intensity decreases and the recovery or ame-

SOUTHEAST DESERT BASINS,

CALIFORNIA
FEBRUARY - 60
} . - 50
- 40
P
- 30(mm)
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26 <6 4. -3 =2 =}
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FIG. 1. Least-squares fit of the CAFEC (Climatologically Appropriate for
Existing Conditions) precipitation (P) versus the PHDI.
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lioration time increases, P; dominates the magnitude
of P;.

In Table 3, the value of Z, is negative for a level —3
drought and a 6-month amelioration time period. This
is not an error, but rather the result of an intentional
philosophy of the PDM; namely, over a sufficiently
long period, near-normal precipitation will end a
drought and moisture conditions will gradually return
to normal. This implies that in order to maintain a
drought, the precipitation must regularly fall short of
P;. In regions that have a very pronounced annual cycle
of normal soil moisture (such as southern California),
it is sometimes possible, although quite infrequent, that
the total precipitation required to terminate a drought
in 2 months (or 3 months) may be less than that re-
quired in 1 month (or 2 months). This can occur when
the water storage in the soil decreases rapidly from
month to month on a routine basis. Since the concept
of the PDM is based on departures from normal [(2)
and (12)], Z, for a 1-month-ending period will always
be greater than Z, for a 2-month-ending period.
Whenever K; is considerably smaller for the nearer
more-moist month than the more distant drier months
(as occurs during the spring in portions of California),
the total precipitation needed to end a drought can be
larger for the 1-month period compared to the 2-month
period. Simply stated, the precipitation required to end
a drought as calculated in the PDM is the precipitation
needed to bring moisture conditions back to near nor-
mal for specific months. In regions with large annual
precipitation soil-moisture cycles, the precipitation
needed to bring soil-moisture conditions to normal in
two months may be less than the precipitation needed
to bring conditions to normal in one month.

3. Data

The data used to calculate the precipitation required
to end or ameliorate a drought consisted of the U.S.
National Climatic Data Center’s climate division tem-
perature and precipitation data (Karl et al.,, 1983).
These data spanned the years 1931-84 for 344 climate
divisions in the contiguous United States. Each climate
division is constrained to state borders. All National
Weather Service first- and second-order stations, as well
as cooperative stations which report both temperature
and precipitation, are included in the climate division
data. Times of observation biases have been removed
from the temperature data using the model described
by Karl et al. (1986). The PDM was run and calibrated
using the full period of record 1931-84.

4. Probability calculations

After calculating the precipitation needed to ter-
minate or ameliorate droughts of various intensities
over 1, 2, 3, and 6-month periods, the climatological
probability of receiving such an amount was calculated
using the gamma distribution following the procedures
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described by Crutcher et al. (1980). This distribution
has long been used in fitting and transforming various
meteorological variates, especially precipitation (Pan-
ofsky and Brier, 1958; Thom, 1951, 1958; Barger et
al., 1959; Thom and Vestal, 1968). Implicit in these
calculations is the fact that such probabilities do not
consider the time distribution of precipitation within
these periods, and that the precipitation anomalies over
1, 2, 3, and 6 months act as white noise or random
walk processes. As Karl (1983) points out, there is ev-
idence to indicate that dry spells actually persist longer
in the central portion of the United States than along
the periphery of the nation. Nonetheless, since the pre-
dominant character of the precipitation in all portions
of the country at monthly, seasonal, and annual time
periods is white noise, these unconditional probabilities
should prove useful both in the context of operational
applications and climatological studies.

5. Preliminﬁry concepts

Before presenting and discussing the results of the
probability calculations for termination and amelio-
ration of drought, it will be beneficial to review the
physical and mathematical properties of the PDM
which will help speed or delay the rate of drought re-
covery or amelioration. The times of the year which
will be most favorable for ending a drought will first,
and most importantly, have the capability of producing
values of Z as large as those given in Tables 2 and 3.
This will, for most practical purposes, rule out the pos-
sibility of recovering from a serious drought when the
probability of obtaining enough precipitation to pro-
duce high values of Z is low. For example, the climate
of the northern plains during winter and the west coast
during summer is such that excessively heavy precip-
itation does not occur. On the other hand, during sea-
sons when the moisture anomaly index, Z, can obtain
higher values, it does not necessarily follow that the
wettest months will be the times when the probability
of terminating or ameliorating a drought will be the
greatest, because the PDM is based on departures from
normal. During the wetter months, the month more
likely to end the drought of serious magnitude would
be the month which has a higher probability of ob-
taining high values of Z. This is not necessarily the
wettest month, but rather the month that has a greater
probability of substantial excess precipitation compared
to normal, i.e., those months with the largest positive
skew. Using these concepts, the results of the proba-
bility calculations can be more readily understood.

6. Results

Figure 2a depicts the PHDI for Hudson Valley, New
York along with the precipitation required to terminate
any drought less than —1.5 within two months. The
minimum precipitation required to end a drought was
estimated using the values of Z, given in Table 2
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(a) Palmer Hydrological Drought Index (PHDI)
(calibration period 1931-84)
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FIG. 2. Simultaneous time series of the PHDI, the normal two-month total precipitation, and the precipitation required to terminate
a drought with intensity less than —1.5 for two climate divisions: (a) Hudson Valley and (b) south central Nebraska.

rounded to the nearest integer. For comparison, the
normal 2-month total precipitation is also plotted each
month. Figure 2a qualitatively illustrates the improb-
ability of ending the extreme drought in the mid-1960s
within a short time (two months). During the peak
intensity of the drought (PHDI < —4) 200 to 300% of
the normal 2-month total precipitation would have
been required to terminate the drought in such a rapid
time span. Contrarily, the weaker drought of 1980-81,
even at its peak intensity, could have ended within two
months with less than 200% of its normal 2-month
total precipitation.

In Fig. 2b the seasonal standardization concept of
the PDM is illustrated for south central Nebraska. The
seasonal fluctuations of the precipitation required to
end the drought closely follow the pronounced annual
cycle of the 2-month total precipitation, characteristic
of this portion of the country. In south central Nebraska
during the devastating drought of the 1930s and 1950s,
nearly seven times the normal 2-month total precipi-
tation was required to end the intense drought during
the winter, and at least three times the normal 2-month
total precipitation was required during spring and early
summer.
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(b) Palmer Hydrological Drought Index (PHDI)
(calibration period 1931-84)
South Central Nebraska
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FI1G. 2. (Continued)

The march of the seasons, as reflected by monthly
mean total precipitation for each of nine regions of the
country delineated by a rotated principal-component
analysis (cf. Karl and Koscielny, 1982), is given in Fig.
3. The precipitation depicted in Fig. 3 is derived from
“gridded” statewide average precipitation within each
region. These regions were delineated by statewide
gridded values of the PDSI over the United States, and
will serve as a useful reference in helping to explain
the probabiity calculations for drought termination and
amelioration.

Over the contiguous United States, the probability
of ending a severe drought (PHDI = —3) or amelio-
rating an extreme drought (PHDI = —4) in 1 month

is rather low, even for the month with the highest prob-
ability of ending or ameliorating a drought (cf. Fig. 4).
Regionally, the highest probability of ending (or ame-
liorating) a severe (or extreme) drought occurs along
the West Coast during the late fall. This is often the
onset of the wintertime precipitation regime and the
time when evapotranspiration is considerably below
its early fall levels. These conditions provide the op-
portunity for serious droughts to be mitigated and
ended. In areas where the distribution of precipitation
is relatively constant throughout the year, such as in
the East, the probabilities, as depicted in Fig. 4, are
substantially lower than areas with a more pronounced
annual precipitation cycle. In these areas, the months
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FiG. 3. Mean monthly total precipitation (millimeters) in each of nine regions delineated by a rotated
principal component analysis of the PDSI (from Karl and Koscielny, 1982).

more likely to end or ameliorate serious droughts are
‘those months when the probability of receiving rela-
tively heavy precipitation compared to the normal is
largest. Examples of such behavior can be documented
in Figs. 4 and 5. In Fig. 5, the 90th and 50th percentiles
of monthly total precipitation are derived from the
gamma distribution (U.S. Department of Commerce,
1985). The period of record from which the percentiles
were derived was 1951-80. Figure 4 indicates that the
preferred month for ending and ameliorating severe
droughts in portions of the South and Southeast is Oc-
tober. For these areas, Fig. 5 reveals a peak in the ratio
of the 90th percentile to the 50th percentile total
monthly rainfall in October as depicted by the Monroe,
Louisiana and Columbia, South Carolina stations. A
1-month earlier, flatter peak in the ratio of the two
percentiles at Goldsboro, North Carolina helps change
the preferred month of drought mitigation from Oc-
tober in South Carolina, to September in much of
North Carolina. The tendency for early fall recovery/
amelioration in southern and southeastern portions of
the United States is likely to be at least partially asso-
ciated with the frequency of tropical storms and hur-
ricanes during this period. Farther west, Pocatello,
Idaho has a much more pronounced annual precipi-

tation cycle, but the large peak of the ratio of the 90th
to the 50th percentile plays an important role at this
location. The preferred ending and amelioration time
of the serious droughts occur during September when
there is a broad but strong peak in the ratio. September
is the preferred month for ending and amelioration of
droughts for a large area of the upper Mississippi Valley
and the lower Great Lakes. For Madison, Wisconsin
and Peoria, Illinois this is reflected in the September
peak of the ratio of the 90th to the 50th percentile of
total monthly precipitation. Farther east in New
England the preferred ending and amelioration months
are variable; this is reflected by the relatively flat
monthly precipitation cycle (cf. Fig. 3), as well as the
ratio of the two percentiles plotted in Fig. 5.

Having established some important characteristics
influencing drought termination and amelioration in
the PDM, the results in Fig. 6 with respect to the mag-
nitude and timing of the highest and lowest probabil-
ities of ameliorating an extreme drought over a 3-
month period can be more readily understood. In the
dry season in the southwest United States there is vir-
tually no chance of ameliorating an extreme drought,
and a similar scenario emerges for the northern plains
during the winter season. Contrarily, in the East and
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Fi1G. 5. Ratios of the 90th to the 50th percentile of total
monthly precipitation for selected stations.

South the probabilities of ameliorating extreme drought
over a 3-month period never reach such low values.
Nonetheless, the highest probabilities of ameliorating
an extreme drought within 3 months occur during the
wet season along the West Coast. In the central Great
Plains the probability of ameliorating extreme droughts
is relatively low throughout the year. Such a result sug-
gests that droughts in this portion of the country tend
to persist longer than in other areas of the country.
This has also been shown by Karl (1983) using the
PDSI in a sensitivity study.

Figure 7 is presented to depict the relatively long
time—at least 6 months—usually required to end a
drought of —4 magnitude over the same period. In fact,
for portions of the Pacific Northwest it is more likely
than not that a drought of this magnitude will amelio-
rate within 6 months. This may not be too surprising,
however, because the Z, for this category is quite small,
0.05, and the wet season for this part of the country is
relatively long (cf. Fig. 3). The highest probabilities of
terminating a serious drought are found along the West
Coast during the cold seasons (cf. Fig. 4).

The question arises whether the months associated
with the highest probability of ending or ameliorating
an ongoing drought are the same months with the low-
est probability of strengthening an ongoing drought.
The months most likely to have the greatest decrease
in the PHDI can be found using the technique already
described in section 2, by producing tables similar to
Table 2 and 3, except for PDSI; equal to such extreme
values such as —6, —5, —4, etc. This has been done. In
addition, the maximum precipitation that can occur
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in order to reach these extreme values over 1-, 2-, 3-
and 6-month intervals has been calculated, as well as
the probability of having less than or equal to the max-
imum precipitation allowed. Table 4 summarizes these
calculations for 1- and 2-month interval calculations
for the climate divisions which contain the stations
depicted in Fig. 5. None of the 1- or 2-month intervals
with the highest probability of drought intensification
match the months depicted in Fig. 4 with respect to
being most conducive to drought termination/amelio-
ration. Despite this fact, the months with the lowest
probability of drought intensification do not always
match those months listed in Fig. 4. For example, in
central Illinois it is not possible to intensify a drought
from —3 to —4 during the months of October through
February, as negative precipitation would be needed
(cf. Table 4), yet the month of September is depicted
as the month most conducive to drought amelioration
or termination (Fig. 4). For central Illinois this is at-
tributed to the fact that evaporation during these cold
season months is relatively low and the median or ex-
pected precipitation for these months is also relatively
low compared to other months. Precipitation deficien-
cies in any single month during this time of the year
are not as important and cannot match those during
the warmer months when evaporation is high and the
expected amount of rainfall significantly higher. Note
that this is not true for 2-month time intervals. Gen-
erally, precipitation deficiencies during these warmer
months can have a greater impact on the magnitude
of the PHDI.

7. Conclusions

The PDM is often used as a tool for monitoring
ongoing droughts across the nation. The results pre-
sented in this paper will help those users more accu-
rately assess the chances of drought recovery during
times of serious drought. This information can be used
as an aid in decisions regarding implementation of wa-
ter conservation or rationing procedures. Karl et al.
(1986) have prepared an atlas of probabilities and pre-
cipitation needed to end droughts of various magni-
tudes over 1, 2, 3, and 6 months.

Results from this work have shown that not only
does the annual cycle of precipitation affect the time
period most likely to end a drought, but in addition,
the likelihood of receiving relatively heavy precipitation
compared to the normal precipitation should also be
considered. Both of these characteristics are important
time- and space-varying properties of drought clima-
tology in the United States. The probability of ending
droughts in the United States has a pronounced annual
cycle in the West, but a much-reduced annual cycle in
the East. Once a serious drought is underway, the
probability of recovering or ameliorating is usually less
for interior portions of the country than the probabil-
ities farther east or west.
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TABLE 4. The month with the highest or lowest probability of having a severe drought (PHDI = —3) becoming an extreme drought
(PHDI = —4) in the next 1 or 2 months and its associated probability (in percent).

Highest probability Lowest probability*

Climate division, state 1 month 2 months 1 month 2 months
Upper Snake River plains, Idaho May (0.3) May (27.9) Jun to Apr NP Aug NP
Northeast La. Feb (0.1) Jun (4.6) Mar to Jan NP Aug (<0.1)
Central coastal plain, N.C. Jun (2.0) Oct (15.0) Sep NP Mar (0.2)
Central S.C. Aug (0.5) Jul (7.4) Sep to Apr NP Sep (0.3)
Central Il Jun (0.1) Oct (15.0) SeptoJan NP Dec (2.2)
South central Wis. Jun (0.4) Oct (13.2) Aug to Feb NP Dec (<0.1)
Hudson Valley, N.Y. Oct (0.8) Sep (10.1) Dec NP Jan (0.2)

* NP implies it is not possible to achieve a —4 drought intensity in the given time interval.
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